Measurements of Surfactant 
Squeeze-out Using Magnetically- 
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Principles of magnetic levitation 

(see our work in Phys. Fluids 10, 2208 (1998)) 
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CASE WESTERN RESERVE UNIVERSITY 



Thus the effective body force 
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We have looked at stability issues 
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We have looked at resonance behavior 
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sufficient surfactant (e.g., phosphatidylcholine). 
Thus their pulmonary fluid cannot respond 



Use horizontal bridge to determine “squeeze-out 
time” of surfactant from surface. 

Top View 
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Mixtures of paramagnetic liquid (MnCl 2 ' 4H 2 0/Water) 
Add Dodecyl trimethyl ammonium chloride (cationic surf< 
0<X< 1.5 wt. %. 
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For each concentration X of surfactant, bridges of A = 2.5 are 
created. 


m 


bJ) 

a 

P-H 

o 


o 

5-H 

tJ 

o 

Dh 

C/3 



w 


<D 


<D 

cb 

bD 

4b 

d 

co 

cZ ^ 

4b 

£ 

o 

<D 

T3 

d 

• rH 

C4 

cb 

cb 

<D 

^ d 

c 

d 

• 

CO 

CO 

Ctf 


r' 4— * 

T3 fl 
« <d ca 

_gj i-i ->-» 

p -a 9 
o 3 ^ 
bo £ g 

d s S 

a! 

cd 

^ ^ o 

<D ^ 

■a a 

g - 
2 *-< 

4=3 0) 

cb ^ 

cz 


<D 

O 

.cd 

<4-4 

d 

co 

<D 

4=3 


cZ 


CO 


CO 

44 
O 

2 w* 

±H *C 
£ 4= 


CO 

^ d> 

(D a 

»-t ,cd 


<D 

44 

H 


J-H 

-w ^ 

b ^ 
d b 

co O 


_h d 

B g 

s 1 

O M 
(SO 2 
^ < 
<L> 

*-> „ 

2 3 

a x> 

22 (D 
S 4h 
Jb -(-* 


a3 


aj 
<L> 

c3 

O 

J C 

<£h IS 

g U 
cfi 

<u r 

-B 2 

O 

I « 

& 

• 2 J3 

<D “ 
(50 g 

3 § 

J-4 • r- 1 

u o 3 

4) J3 'H 

g 3 
a - t +-i cr 

03 O <L> 


-Q 


3 

O 

T3 

<l> 

N 



8 

t 


cn 

cd 

<D 

§• 

•S 

Id 

a 

Ph 


z 

D 


w 

CO 

<3 

u 

B 







Crenellations are due to: 

> Induced capillary waves during “squishing” 

> Accommodation of surfactant that cannot be 


<D 

<D 


° 

(D r^H 

C 3 ^ 

3 

Cu ^ 

» Zld 

a a" 

C /5 . 

a ^ 

<L> 'C 

ci 3 ^ 
fa ^ 

g g 

o ^ 

<g a 


3 

O 


c /5 

o 3 
<D 

T 3 Jh 
(D Cd 

N (D 

^ ?-H 

OQ 4 => 


£® 

,a 

•S ^ 

« .5 

« S 




Gf 5 

« 

© 


« 

© 


© 

« « 


a 

s*. 

a 


a 




a 

. a 

a 03 
a a 

.g« 

a ^ 
a *a 

*« ^ 

J g 

£43 

I* 


03 

a 

£ *> 
Va*« 

a a 
"as 

a a 

53 § 
>c s; 
a a 
a Sa 

^ s w 

« *> 
vSL^ 

a ^ 
S a 4 


"a 

a 

a 


a 

a 

£ 

a 

„a 

a 

a 

.a 

a 

a 

I 

?k 


^ *> 

.g ^ 

a 3 ^ 

i -a' 

5 " 5 $ 

•S f 

^ a 
a a 

£ fc 

.03 


g 


Cl 

Vf 

a 


< 

CL 

P 4 

a 

2 

&5 

© 

JU, 

« 

sw 

>3 <2 

iu 


1 


CASE WESTERN RESERVE UNIVERSE 



Instantaneous resistance: 
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Resistance vs. Time 
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So, for small X, we measure the decay of capillary waves, not 
of surfactant squeeze out 





A 




o> 

OJD 




O 

R 

^3 

R 

Q 

CN 

u 


u 

A 

X 

P 

cS 

>. X 

3 § 

& -g 

^ bo 

X -5 

<D P 

5 ? 

<D 


Ph 


P 

T 3 


^3 

,§D 


>2 
^3 
P 

„ 3 

co co 

9 p 

>> Qj 

P ^ 


<D 

P 

P 


P 


O 

4 <i 

43 3 

P P 

o ^ 

o 

■ o 


P 

J*;§ 
^ 3 
B & 

P P> 


"P 

O 


A 

■ i-H 

P 
P 
P 

o 

Oh 

a 

dj 
+- * 

Ph -2 

2 03 
^ (D 

P 

P 


O 

O 

o 

P 

3 


o 

p 

9 


<D 

O 


P ^3 
O Ph 

- >. 

<D ^ 

a 3 

*C t 

3 1 

M >~> 


CO 

<D 


CO 

p 

P <D 


CO 

p 

P 

P 


P 

P 


'P 
O Ph 


O 
P P 


P 

<D 

43 


P 

P 

CO 


<D 

P 

P 


. <D 

S 3 2 

43 c3 
bD ^ 

■p ^ 
43 co 


co 

P 

<D 

&H ^ 

P 43 
43 rP 

CO ^ 


p 

p 


O 

CO C+H 


P 


<D 


<D 

X 

_p 

3 

P 


P 

P 

CO 
Ph 
O 

<l> a 

g .1 

P +-» 

-H— > ■ ' 

CO 

■ H 

CO 

<D 


i 

P 

O 


* 8 

<D 

oj a 


g< 

CO 


O 
f P 
Ph 

^ <D 
m 43 

_i ^ 


CO 


r P 

Ph 


<D 

P 

(D 


O 43 
T3 £ 


cn 


<D 
N 

<D _P 

<D 3 
P g< 
cr 2 

™ bD 
co O 
Qh 
P o 

S ^ 

CL) 

o o 

£ cS 

p p 

p p 

co co 







Take home message: 

Magnetic levitation has numerous applications in studies 
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